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U N  

S F  

d r n  The Advanced S t u d i e s  O f f i c e  o f  t h e  A s t r i o n i c s  L a b o r a t o r y  
f i r  a t  MSFC h a s  c o m p l e t e d  a b r i e f  s t u d y  o f  a t t i t u d e  c o n t r o l  f o r  Workshop 

B .  A s  w i t h  t h e  "Wet" Workshop, t h e  s a l i e n t  p r o b l e m  i s  p o i n t i n g  a n  
ATM t o  t h e  s u n .  On Workshop B t h e  ATM ( n o t  LM/ATM) i s  mounted a t  

- t h e  b a s e  of t h e  Workshop; t h a t  i s ,  a t  t h e  5-2 e n g i n e  mount .  The 
2 C M G  b e i n g  d e s i g n e d  f o r  t h e  LM/ATM was chosen  as t h e  b a s i c  a c t u a t o r  
0 f o r  a t t i t u d e  c o n t r o l .  

In 

ATTITUDE ORIENTATIONS STUDIED 

Two b a s i c  a t t i t u d e  o r i e n t a t i o n s  o f  Workshop B were  examined .  
The f i r s t ,  c a l l e d  end p o i n t i n g ,  h a s  t h e  l o n g  a x i s  of  t h e  Workshop 
p o i n t i n g  t o  t h e  s u n  w i t h  t h e  ATM a x i a l l y  mounted ( i . e . ,  ATM o p t i c a l  
a x i s  p a r a l l e l  to l o n g  a x i s  o f  t h e  Workshop) .  
s i d e  p o i n t i n g ,  h a s  t h e  l o n g  a x i s  of  t h e  Workshop l y i n g  i n  t h e  o r b i t  
p l a n e  w i t h  t h e  ATM r a d i a l l y  mounted ( i . e . ,  ATM o p t i c a l  a x i s  p e r p e n -  
d i c u l a r  to t h e  l o n g  a x i s  of t h e  Workshop) .  
p o i n t i n g  t h e  ATM t o  t h e  s u n  i s  a c c o m p l i s h e d ,  as w i t h  t h e  LM/ATM on 
t h e  Wet Workshop, by f i r s t  r o t a t i n g  a b o u t  a n  a x i s  p e r p e n d i c u l a r  t o  
t h e  o r b i t  p l a n e  u n t i l  t h e  s u n  l i n e  i s  p e r p e n d i c u l a r  to t h e  Workshop's  
l o n g  a x i s  and t h e n  r o l l i n g  t h e  Workshop a b o u t  t h i s  a x i s  u n t i l  t h e  
ATPI a c q u i r e s  t h e  s u n .  

The s e c o n d ,  c a l l e d  

I n  t h i s  c o n f i g u r a t i o n  

ASSUMPTIONS 

MSFC s t u d i e d  t h e  a t t i t u d e  c o n t r o l  r e q u i r e m e n t s  for t hes . e  
two a t t i t u d e  o r i e n t a t i o n s  f o r  a 1 to 1 1 / 2  y e a r  m i s s i o n  a t  a n  
a l t i t u d e  of  270 NM.  A w i n t e r  s o l s t i c e  l a u n c h  was assumed w i t h  a n  
o r b i t  i n c l i n a t i o n  o f  5 0 0 .  I n  s u c h  an  o r b i t ,  t h e  a n g l e ,  b e t a ,  
be tween  t h e  s u n  l i n e  and  t h e  o r b i t  p l a n e  w i l l  v a r y  k 73 1 / 2  d e g r e e s  
o v e r  a one y e a r  p e r i o d .  

I n  a s s e s s i n g  end p o i n t i n g  v e r s u s  s i d e  p o i n t i n g ,  MSFC 
i n v e s t i g a t e d  t h e  e f f e c t s  of g r a v i t y  g r a d i e n t  t0 rqu .e  on t h e  c y c l i c  
a n d  b i a s  momentum s t o r a g e  r e q u i r e m e n t s  of  t h e  CMG s y s t e m .  The 
e f f e c t s  of  ae rodynamic  t o r q u e  were es t imated  b y  a s suming  t h a t  i t s  
peak  v a l u e  was 10% of  t h e  peak  g r a v i t y  g r a d i e n t  t o r q u e .  De te rmina -  
t i o n s  were  made of t h e  r e a c t i o n  t h r u s t  p r o D e l l a n t  needed f o r  momentum 
dump. 
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MSFC found t h a t  t h e  end p o i n t i n g  o r i e n t a t i o n  has t h e  
i n h e r e n t  d i s a d v a n t a g e  of p r o d u c i n g  l a r g e  bias  momentum which must  
b e  c o u n t e r a c t e d .  The r e a c t i o n  t h r u s t  p r o p e l l a n t  r e q u i r e d  to cope  
w i t h  t h e  b i a s  momentum was found to b e  a p p r o x i m a t e l y  1 7 , 4 2 5  pounds 
p e r  y e a r .  A s econd  e f f e c t  o f  t h e  b i a s  momentum i s  t h a t  f o r  b e t a  
a n g l e s  between 15  and 73 1 / 2  d e g r e e s ,  t h r e e  2 0 0 0  f t . l b . s e c .  C M G s  
c a n n o t  s t a b i l i z e  t h e  Workshop f o r  a comple t e  o r b i t  w i t h o u t  s a t u r a t i n g .  
A t  a be t a  of 4 5 O ,  t h e  C M G s  s a t u r a t e  i n  1/2 an o r b i t .  At l e a s t  s i x  
CMGs would’ b e  r e q u i r e d  to accommodate t h e  momentum s t o r a g e  r e q u i r e -  
ments  f o r  a comple t e  o r b i t  f o r  a l l  v a l u e s  o f  b e t a .  

With t h e  s i d e  p o i n t i n g  o r i e n t a t i o n  MSFC found t h a t  t h r e e  
2000 f t . l b . s e c .  C M G s  would be q u i t e  a d e q u a t e  f o r  c o p i n g  w i t h  t h e  
momentum s t o r a g e  r e q u i r e m e n t s .  If r e a c t i o n  t h r u s t  i s  used  f o r  
b i a s  momentum dump, a p p r o x i m a t e l y  1555 pounds of p r o p e l l a n t  p e r  
y e a r  would b e  r e q u i r e d .  Should t h e  g r a v i t y  g r a d i e n t  momentum 
dump schemes c u r r e n t l y  b e i n g  deve loped  b y  MSFC be  s u c c e s s f u l , .  
t h i s  p r o p e l l a n t  r e q u i r e m e n t  would a l m o s t  v a n i s h .  

ASSESSMENT AND COMMENT 

1. F o r  m i s s i o n s  of one  y e a r  d u r a t i o n ,  t h e  f u l l  r a n g e  
of  b e t a  v a r i a t i o n  i s  e x p e r i e n c e d .  The MSFC r e s u l t s  
based on t h e  w i n t e r  s o l s t i c e  l a u n c h  can  t h e r e f o r e  b e  
t a k e n  as  r e p r e s e n t a t i v e  o f  a l l  l a u n c h  da t e s .  

2 .  MSFC’s n u m e r i c a l  r e s u l t s  have been  v e r i f i e d .  

3 .  D i s a d v a n t a g e s  of end p o i n t i n g  i n c l u d e  

( a )  Large  fuel r e q u i r e m e n t s  for CMG nome?ntum dump. 

( b )  S i x  C M G s  a re  r e q u i r e d  as opposed t o  t h r e e  f o r  s ide  

( c )  F r e q u e n t  momentum dump o p e r a t i o n s ;  i . e . ,  t w i c e  
p e r  o r b i t  i n  w o r s t  c a s e .  T h i s  r e q u i r e m e n t  i m -  
p o s e s  a heavy o p e r a t i o n a l  c o n s t r a i n t .  

p o i n t i n g .  

( d )  A d d i t i o n a l  c o n t a m i n a t i o n  r i s k .  F u e l  r e a c t i o n  
p r o d u c t s  may j e o p a r d i z e  s o l a r  a r r a y  and e x p e r i -  
ment per formance .  

4 .  MSFC’s recommendation to employ t h e  s i d e  p o i n t i n g  
I 

mode i s  c o r r e c t  based on c o n t r o l ,  expe r imen t  and 
o p e r a t i o n a l  c o n s i d e r a t i o n s .  Compel l ing  r e a s o n s  
b a s e d  on o t h e r  c o n s i d e r a t i o n s  a r e  r e q u i r e d  t o  a l t e r  
t h e  MSFC recommendat ion.  

J .  Kranton  
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